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Introduction
Although not considered in the core symptomatology of autism, a variety of abnormal motor
features are present in persons with autism and may interfere with adaptive fine motor tasks
such as, buttoning, tying shoelaces, and writing; 1-3 gross motor tasks such as throwing,
catching, jumping and running; 4 as well as social-communicative functions such as speech
articulation, gesturing, and eye gaze coordination. 5 Results from two recent studies suggest
impairments in movement preparation and coordination involving multiple joints in persons
with Autism Spectrum Disorder (ASD). 6, 7 Informal estimates of prevalence of motor
abnormalities in persons with autism are reported as high as 85% to 90%. 8, 9 In one study,
reviews of medical charts of 200 children with ASD between 2 and 4 years of age revealed
that 100% of the children exhibited problems with motor planning and sequencing. 10 Forty-
eight percent of the children had severe difficulties in motor planning. Motor planning and
other aspects of motor control, such as coordination between various components of a motor
task, are essential for efficient movement. In another more recent study including 101
children with autism or ASD who were assessed with the Movement Assessment Battery for
Children (M-ABC) 11, 79% were identified with definite movement problems (<5th centile)
and another 10% had borderline problems (5-15th centile). As well, there was no dicernable
differences between the proportion of children with autism and those in the broader ASD
group that presented with definite movement problems. 12 Despite this evidence of
abnormalities in motor control and the implications of these abnormalities for adaptive
skills, fundamental mechanisms of motor control in children and young adults with ASD
have received little research attention. These fundamental mechanisms include movement
preparation and planning, coordination, execution, and adaptation. As far back as 1992,
physical educators began to recognize that children with autism had deficiencies in motor
skills. 13 Historically, most of the therapeutic interventions for children with autism have
been provided by pediatric occupational therapists with evidence of intervention dating back
40 years. Around 20 years ago occupational therapists began using sensory integration
therapy for children with ASD. 14-17 Not until recently, have pediatric physical therapists
begun intervening to address some of the gross motor and motor control deficits in children
Address Correspondence to: Deborah E. Thorpe, PhD, PT, PCS. The University of North Carolina at Chapel Hill, Division of Physical
Therapy, 3006 Bondurant Hall, CB # 7135, Chapel Hill, NC 27599-7135. dthorpe@med.unc.edu.
Fabian David completed this study in partial fulfillment of an MS degree in the Curriculum for Human Movement Science at the
University of North Carolina at Chapel Hill.
NIH Public Access
Author Manuscript
Pediatr Phys Ther. Author manuscript; available in PMC 2012 April 27.
Published in final edited form as:













with ASD. As a result there has been an increase in the referrals of children with ASD to
pediatric physical therapists for improving overall motor performance and motor planning.
Precision grip is a simple motor task. It is fundamental to most adaptive motor tasks, such
as, buttoning, tying shoelaces, and writing, which are reported to be problematic in children
with ASD. 6 Additionally, precision grip has been extensively studied to provide insight to
fundamental mechanisms of motor control in healthy children and adults, and clinical
populations such as individuals with Down syndrome, 18, 19 cerebral palsy, 20-24 and patients
with cerebellar dysfunction. 25, 26 The methodology for studying precision grip is proven
and reliable. Thus, examining precision grip in ASD will hopefully improve our
understanding of motor control and motor planning in this population and assist pediatric
physical therapists in designing efficacious intervention strategies related to overall
movement.
Precision grip requires coordination between a proximal component -the load force, and a
distal component -the grip force. 27 Load force is produced by muscles around the shoulder
and in the upper arm. 25 Load force acts parallel to the contact surface of the object,
providing the lifting force for objects and countering the force of gravity. Grip force is a
compressive force produced by muscles in the hand and forearm acting perpendicular to the
contact surface of the object and provides the force for holding an object. 25 An indicator of
motor coordination is the duration between grip and load force onset (i.e., onset latency). 27
This duration decreases, as motor control improves, indicating temporal coordination of
onset of force production. In typically developing children younger than seven years, this
onset latency is prolonged compared to older children; consequently, a large amount of grip
force is produced before the onset of the load force. After age seven, onset latency decreases
and coordination of grip and load forces improves. 27
Similar coordination mechanisms are employed during a reach-to-grasp task. The reaching
component is controlled by the proximal musculature of the shoulder and elbow, while the
grasping component is controlled by distal musculature of the forearm and hand. Jeannerod
suggests that these two distinct and independent components are united by a higher order
coordinative structure, 28 most likely the cerebellum. 29 Both a precision grip and a reach-to-
grasp task require the coordination of proximal and distal components. Individuals with
ASD are reported to have a significant delay between the onset of reaching for and grasping
an object compared to individuals with typical development, 6 suggesting temporal
dyscoordination. This finding raises the possibility that dyscoordination affects other
movement components, such as those involved in precision grip. In fact, results from two
recent studies suggest impairments in movement preparation and coordination of multiple
joints during arm movement tasks in persons with ASD. 6, 7 Despite evidence suggesting
motor disturbances, 2, 6, 7, 30 the control of precision grip in children and adolescents with
ASD has not been specifically investigated.
Purpose
The purpose of this pilot study was to determine if there were abnormalities in the temporal
coordination of grip and load forces during precision grip in individuals with high-
functioning autism (ASD) as compared to typically-developing peers. We predicted that the
profiles of participants with ASD would differ from the profiles of the comparison group in
the following ways: 1) longer onset latencies between grip and load forces, 2) elevated grip
force at load force onset, due to impaired timing of grip force, 3) elevated peak grip force
amplitudes, and 4) longer time taken to reach peak grip force amplitude.
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Twenty-six participants (13 with ASD and 13 age-and gender-matched peers developing
typically) between 8-19 years of age were recruited. Subjects with autism were recruited
through the Subject Registry Core of the University of North Carolina Neurodevelopmental
Disorders Research Center, the Autism Society of North Carolina’s Chapel Hill and Durham
chapters. Subjects with typical development were recruited through local community
facilities (e.g., YMCA) (Table 1). Participants younger than 13 years of age were matched
within six months of their chronological age, whereas older participants were matched
within 12 months of their chronological age, with one exception (pair 11, Table 1). The
mean age for the ASD group was 11 years 2 months (SD = 3.4 years; Range = 8y 2m-19y
1m), while the mean age for the comparison group was 10 years 8 months (SD = 3.1 years;
Range: 8y 1m-18y 3m). A t-test confirmed that the groups were not significantly different
with respect to chronological age [t (24) = 0.481, p = 0.635].
Inclusion criteria for participants with ASD included those with: 1) a clinical diagnosis of
Autistic Disorder, Asperger Disorder, or Pervasive Developmental Disorder, Not Otherwise
Specified 31 from a licensed psychologist or physician; 2) a confirmed autism score of 15 or
more on the Social Communication Questionnaire (SCQ) 32, a commonly used screening
tool for ASD, (3) no known genetic/medical conditions (e.g., fragile X syndrome; seizure
disorder); (4) a performance IQ ≥70 confirmed by records of testing within the past 3 years
(records provided by parents), (5) no observable motor side effects due to antipsychotic
medication; 33 (6) normal or corrected normal hearing and vision; (7) no musculoskeletal
defects that might prevent completion of the grasping task; and (8) an ability to understand
simple directions and perform the requested tasks. Inclusion criteria for the comparison
group included those with (1) normal developmental history; (2) normal or corrected normal
vision and hearing; and (3) no musculoskeletal injury that could prevent completion of the
grasping task.
Experimental Apparatus
The grasping apparatus incorporated two load cells 34 placed orthogonal to each other
(Figure 1). One load cell placed between two parallel vertical surfaces measured grip forces,
and a second load cell placed horizontally below the grasping area measured load forces. An
aluminum box (3.5 inches × 2.25 inches) was attached to the second load cell and was used
to house the calibrated Newton weights without providing visual cues (shape or size) to the
participants. The width of the grasping portion of the apparatus was 1.5 inches and its radius
0.5 inch. Its surface was lined with suede to have a coefficient of friction between the
extremes of silk and sandpaper. 35 The erect height of the apparatus was 4.5 inches and its
weight 3.6 Newton (N). Participants were instructed to lift the “box” from a standardized
start position and place it on a target (blue rectangle) approximately 6 inches away. The trial
was complete when the participant placed the apparatus on the blue target rectangle.
Data were collected using DATAPAC software 36 on a laptop computer equipped with an
analog to digital board. The entire system was portable to facilitate data collection in an
environment that was conducive to optimal performance and in a location convenient to the
participants.
Procedures
The Committee for the Protection of Human Subjects at the University of North Carolina at
Chapel Hill approved this study. After confirming eligibility, informed parental consent and
minor participant’s assent were obtained. Data were collected onsite or at the participant’s
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residence or school. Parents of children in both groups completed the Edinburgh
Handedness Inventory to determine the subject’s hand dominance. 37 In addition, the parents
of the children in the ASD group completed the SCQ. 32. Participants were seated
comfortably at a testing table with back and feet supported. The height of the table was
adjusted to 3-5 inches above the elbow. 38 The experimental apparatus was placed on the
table at a distance equivalent to 60% of the participant’s arm length, 39 in front of the
participant at midline. The participant placed his/her dominant hand on a “start” position
that was located 5 cm posterior to the experimental apparatus and marked using red adhesive
tape to ensure procedural fidelity (Figure 1). The non-dominant hand was placed below the
table on the participant’s ipsilateral thigh. Speed of the movement was self-selected.
The task was demonstrated using a precision grip (using the thumb and index finger to pick-
up the object) followed by standardized oral instructions to “pick up the box, placing your
thumb and pointer finger on the red circles, and put it down on the blue square”. Three
practice trials and fifteen test trials (five blocked test trials, at each of three different
apparatus loads 4.6N, 5.6N, and 7.6N in order) were completed by each participant. The
standardized order of presentation was designed to discern the effect of anticipation with
alternating loads (light-heavy-light) in future analyses. Grip and load forces of each
participant were recorded as they grasped and lifted the experimental apparatus.
During the practice trials, if the primary investigator observed that the participant (1) failed
to use a precision grip, (2) failed to grasp the apparatus on the grasping surfaces or, (3)
failed to put down the apparatus on the designated area, “task-learning trials” with no
attached weights were administered. The “task–learning trials” consisted of the investigator
repeating the demonstration of the task, and providing additional verbal cueing and physical
guidance as needed. Once the participant was consistent with the precision grip task
(performed 2 trials with no errors), weights were added to the grasping apparatus and the
participant continued independently with the practice trials. One subject from the ASD
group required the “task learning trials”. The following were considered mistrials and the
trial was repeated if the participant was: (1) not using a precision grip, (2) grasping the
object in an area other than the grasping surface, or 3) throwing the object. All participants
were rewarded with self-selected, age appropriate reinforcers (e.g., stickers, parent approved
snacks) at the end of each block of trials.
Data Reduction
Analog data were collected at a sampling frequency of 125 Hz, amplified (1 volt represented
10N) and smoothed using a 20 Hz Butterworth low-pass filter with a roll-off of 35. 34
Dependent variables calculated to quantify grip and load force coordination included grip to
load force onset latency, the grip force at onset of load force, the peak grip force, and the
time to peak grip force (Figure 2).
Grip to load force onset latency was defined as the duration between onset of grip force and
onset of a load force against gravity. Grip and load force onset was defined as a positive
increase of 0.05 volts above baseline. Peak grip force was defined as the maximum
amplitude occurring closest in time after object lift-off (Figure 3a). Time to peak grip force
was defined as the duration between the onset of grip force and peak grip forces. In some
trials multiple peaks of grip force were observed, and in these trials the initial (primary)
peak associated with object lift-off was considered as the peak grip force (Figure 3b). In
some instances secondary peaks were greater than the primary peak associated with object
lift-off. These secondary peaks occurred later in the task with respect to object lift-off and
were not used in determining peak grip force.
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To determine the consistency of the output of the load cell, intraclass correlation coefficients
[3,5] (ICCs) were computed for both load cells over 5 trials, across three known calibrated
weights of 1N, 2N, and 5N. The ICC was used to compare load cell outputs across five 1-
second intervals for each trial. The ICC values ranged from 0.92 to 0.99 for both load cells
across the three test loads. The test-retest reliability was examined by collecting data from
the same subject under identical experimental conditions on two occasions, 45 minutes
apart. Data obtained from the two occasions were correlated. Pearson’s product-moment
correlation coefficient (r) for peak grip force and grip force at onset of load force were r =
0.92 and r = 0.98, respectively. For the 1N, 2N, and 5N test loads, the absolute differences
between the means on the two occasions were 0.6 N, 1.5 N, and 2.6 N, respectively, for peak
grip force and 0.1 N, 0.1 N, and 0.4 N, respectively, for grip force at onset of load force.
Statistical Analysis
A 3-level Hierarchical Linear Model using SAS version 9.1 software was implemented, with
trials nested within loads, and loads nested within participants. A separate model testing the
difference between groups controlling for load was fit for each dependent measure (i.e., grip
to load force onset latency, grip force at onset of load force, peak grip force, and time to
peak grip force). Load by group interactions were evaluated and found to be non-significant
in all cases and were not included in the final model.
Results
The dependent variables did not meet the assumptions for normality and homogeneity of
variance; therefore, they were transformed using a logarithmic (log 10) transformation
(Table 2). The standard deviations for all variables, except the peak grip force, are greater in
the group with ASD. Grip to load force onset latencies were significantly longer in
participants with ASD [F (1, 301) = 6.06, p = 0.0144] (Table 3). Grip forces at onset of load
forces were significantly greater in participants with ASD [F (1, 301) = 4.64, p = 0.0321]
(Table 3). Peak grip forces (PGF) and times to peak grip force (TPGF) were not
significantly different between groups (Table 3). The main effect for load was statistically
significant for both PGF and TPGF [F (2, 48) = 15.54, p < 0.001 and F (2, 48) = 10.65, p <
0.001 respectively]. Post hoc analysis revealed that PGF and TPGF for the 4.6N load were
significantly less than for the 7.6N load (β = -0.11 p<0.001; β = -0.11, p<0.001
respectively). Also, the TPGF for the 5.6N load was significantly less than for the 7.6N load
(β = -0.07, p=0.003).
Discussion
The prolonged grip to load force onset latencies found in this sample of participants with
ASD compared with typically developing peers suggests temporal dyscoordination in motor
control. Similar findings of prolonged onset latencies between grip and load forces have
been observed in persons with cerebellar abnormality, 25 cognitive deficits, 19 and impaired
tactile sensitivity in the thumb and index finger. 35 The presence of cognitive delay and to
some extent cerebellar abnormality are reported in persons with ASD. 12, 40, 41 Additionally,
recent studies examining somatosensory thresholds have shown normal or enhanced
perception 42-44 and are thus an unlikely explanation of motor dyscoordination.
Abnormalities in the cytoarchitecture (i.e., increased density of cortical minicolumns) of
brains of persons with autism have been discovered recently, 45, 46 which may result in
problems with functional neural connectivity necessary for multisensory integration, social-
communication, and motor coordination, as well as other adaptive functions. 43 Further
research is needed to determine to what extent neural deficits may be related to the observed
temporal dyscoordination in participants with ASD found in this study.
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Grip force must be timed correctly with respect to anticipated object load. 25 At the start of a
precision grip, object load is anticipated based on previous trials, not determined from
feedback obtained during the trial. This is because insufficient time is available for
feedback-based corrections to occur prior to load force onset. The elevated grip force at
onset of load force found in persons with ASD relative to typically developing peers in this
study may be due to either an inability to correctly time the grip force with respect to
anticipated load, and/or inability to use prior experience to correctly anticipate the load.
Such dyscoordination may result in hypermetria (i.e., increased amplitude of grip force, as a
compensatory strategy to prevent slips and drops). Although timing was abnormal,
participants with ASD were able to scale their grip force to changes in load. That is, larger
grip forces were used for heavier loads; however, this scaling appeared inefficient, as forces
used by these participants were greater than required for the task. These findings suggest
that persons with ASD may have more problems in the planning or proactive stages of
precision grip as compared to the feedback or reactive stages.
The group with ASD presented with larger standard deviations than the comparison group.
Larger standard deviations are indicative of greater movement variability in the group with
ASD. This is consistent with previously published findings. Mari et al., 6 reported increased
variability in their group with autism across all their kinematic variables. This increased
variability could be due to impairment in movement planning and/or error correction.
Further research is required to investigate the source of movement variability in ASD.
This study had several limitations. The small sample size may have contributed to
insufficient power for detection of differences in some of the components studied that had
non-significant results, and limits generalizability of these findings to the population at
large. Although the participants with ASD had performance IQs ≥70 (no evidence of
intellectual disability per se), differences in cognitive profiles (relative strengths and
weaknesses in skills) and disability status between the two groups may have influenced the
results. Future research that includes a comparison group with a known intellectual disability
matched on mental age to the ASD group could better determine the extent to which
cognitive levels affect temporal dyscoordination. In addition, including a wider range of
ages and levels of cognitive functioning (IQ) would yield more generalizable findings.
Moreover, future studies should investigate the role of somatosensory and multisensory
processing differences in this population 42, 43, 47 on resultant motor performance, as well as
the relationship between severity of autistic features and motor impairments 12. Our group
has recently completed a study to determine if abnormalities in precision grip are unique to
autism as compared to DD and to what extent age and severity are mediating variables.
Although cerebellar dysfunction has been implicated in ASD and may be related to temporal
dyscoordination in other populations, specific neural correlates underlying such motor
control problems in persons with autism have not been determined. Functional magnetic
resonance imaging studies should be ideal for addressing these types of research questions.
Conclusions
In conclusion, our sample of children and adolescents with high functioning ASD displayed
temporal dyscoordination between grip and load forces while performing a precision grip
task as compared to age-matched peers developing typically. These findings enhance our
understanding of motor deficits in autism that may have diagnostic as well as clinical
implications.
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Typical Grip and Load Force Profiles
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a and b Primary and Secondary Peak Grip Force
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